Cytokines are products of activated immune and mesenchymal cells, and their roles in infection, inflammation, and acute-phase responses have been extensively studied. However, cytokines are multifunctional polypeptides rather than simple immune factors. Studies of interleukin 1 (IL-1) and tumor necrosis factor-␣ (TNF-␣) have revealed that cytokines interfere with various functions of the CNS (Rothwell and Hopkins, 1995) . Fever and hypersomnolence, which are caused by proinflammatory cytokines produced by host immune cells affecting the brain, often accompany infectious diseases (Krueger and Majde, 1994) .
Granulocyte-macrophage colony-stimulating factor (GM-CSF) is a 14 -35 kDa glycoprotein that was originally described as a hematopoietic cytokine because it potently stimulates myeloid progenitor cells in vitro to proliferate and differentiate into mature macrophages and polymorphonuclear leukocytes (Burgess and Metcalf, 1980) . However, serum levels of GM-CSF can be elevated in response to infectious stimuli (Kuhns et al., 1995) . Significant amounts of GM-CSF are synthesized in the uterus at the beginning of pregnancy (Robertson and Seamark, 1992) . Furthermore GM-CSF affects the release of adenocorticotropic hormone (Komorowski et al., 1996) and luteinizing hormone (LH) (Kimura et al., 1996a ) from the anterior pituitary gland. Therefore GM-CSF probably plays a role in the immune system as well as in endocrine regulation, like IL-1.
Increasing evidence suggests that the CNS is also a target of GM-CSF, because GM-CSF mRNA is synthesized in astrocytes (Malipiero et al., 1990; Aloisi et al., 1992) and GM-CSF receptors are located in microglia (Fischer et al., 1993; Sawada et al., 1993) and oligodendrocytes (Baldwin et al., 1993) . The release of luteinizing hormone-releasing hormone (LHRH) from the hypothalamus is suppressed by GM-CSF (Kimura et al., 1997) . Gliosis in the brain is induced by GM-CSF released from brain tumor cells (Giulian et al., 1994) , and GM-CSF is required for neural development in neonates (Mehler and Kessler, 1997) . The system that transports GM-CSF from the blood to the brain is saturable (McLay et al., 1997) . Clinical trials have shown occasional febrile responses associated with GM-CSF therapy (Lieschke et al., 1990; Bokemeyer et al., 1993) . However, neither the behavioral nor somnogenic effects of hematopoietic cytokines have been thoroughly studied, although clinicians should understand the potential for unpredictable central side effects generated by these cytokines.
The present study examines the effects of GM-CSF on sleep using an experimental animal model. Other cytokines affect the hypothalamic-pituitary axes (McCann et al., 1994) and many hypothalamic and pituitary hormones are implicated in sleep regulation (Steiger et al., 1998) . Therefore, we investigated whether or not GM-CSF modulates sleep through interaction with the neuroendocrine system. The results showed that GM-CSF exerts a somnogenic action, indicating that hematopoietic cytokines are involved in CNS function.
MATERIALS AND METHODS
Chemicals. Recombinant murine GM-C SF (14.5 kDa; carrier-free) and antibody against murine GM-C SF (anti-GM-C SF) were purchased from R & D Systems (Minneapolis, M N). The control experiment included GM-C SF inactivated by immersion in boiling water for 5 min. Reagents required for nitrite/nitrate (NOx) analysis were obtained from Eicom (Kyoto, Japan). Plasma levels of growth hormone (GH) were measured by a rat GH enzyme immunoassay (EIA) (Amersham International Plc, Buckinghamshire, UK). Standard rat somatostatin (SRI F) for radioimmunoassay (RIA) was purchased from Peninsula Laboratories (Belmont, CA). Other chemicals were purchased from Sigma (St. L ouis, MO).
Animals. Adult male Sprague Dawley rats, weighing 280 -380 gm, were kept in groups on a 12 hr light /dark cycle (lights on at 6:00 or 8:00 A.M.; off at 6:00 or 8:00 P.M.) in a constant environment at 25 Ϯ 1°C and 60 Ϯ 6% relative humidity. Rat chow and tap water were accessible ad libitum. All animal experiments in the present study were approved by the Animal C are and Use Committee at Tokyo Medical and Dental University.
Surger y. The rats were anesthetized with an intraperitoneal injection of sodium pentobarbital (50 mg / kg), then fixed on a stereotaxic apparatus. Three electroencephalographic (EEG) and two electromyographic (EMG) electrodes and a thermistor were implanted as described previously (Inoué et al., 1985) . Briefly, the EEG electrodes were gold-plated stainless steel screws placed through the skull on the frontal and occipital cortex. The EMG electrodes constructed from hypodermic stainless steel needles were inserted into the cervical portion of the trapezius muscle. The thermistor electrode (G-1E model; Toho Electric Company, Tokyo, Japan) to record brain temperature (Tbr) was placed in the thalamus at a depth of 4 mm from the skull. To achieve continuous central inf usion, an intracerebroventricular cannula [0.35 mm inner diameter (i.d.)] was inserted into the third ventricle (3V). In another group of rats, an intracerebral guide cannula (type M I-AG; 0.57 mm i.d.) for a microdialysis probe (M I-AI-12-01; Eicom) and local injection was inserted into the arcuate nucleus (Arc) of the hypothalamus, according to the brain atlas of Paxinos and Watson (1997) . The coordinates of the guide tip were 3.5 mm posterior and 9.0 mm ventral to the bregma and 0.2 mm lateral to the midline. All electrodes and cannulae were permanently affixed to the skull using dental acrylic resin. During and at the end of surgery, a total of 40,000 U of penicillin G potassium (Meiji Pharmaceutical Company, Tokyo, Japan) was subcutaneously and locally applied to the incision. After surgery, the rats were individually caged in the same environment as before. E xperiments were started ϳ1 week after surgery.
Sleep recordings and intracerebroventricular inf usion. After recovery, the rats implanted with intracerebroventricular cannulae were placed into individual sleep-recording cages in a sound-attenuated, electromagnetically shielded chamber. The lead wires of the EEG and EMG electrodes and of the brain thermistor were connected to a multichannel amplifier (M EG-6116; Nihon, Kohden, Tokyo, Japan) or to a thermistor amplifier (EL M EC, Tokyo, Japan) and a high-speed analog-to-digital converter (EC -2390B, EL M EC), via a feed-through slip ring (CAY-675; Airflyte Electronics Company, Bayonne, NJ) fixed above the cage. Signals of EEG, EMG, and Tbr were digitized and graphically displayed by a PC -9821 Ap2/ U2 (N EC, Tokyo, Japan) equipped with an automatic sleep -wake analyzer (EL M EC). Polygraphic data were stored on a computer every 30 min. Vigilance states were automatically classified over periods of 12 sec as non-rapid eye movement (non-REM) sleep, REM sleep, or wakef ulness as described elsewhere (Inoué et al., 1985) . In short, non-REM sleep was characterized by high-amplitude low-frequency EEG waves and an intermediate level of EMG activity with a gradual decrease in Tbr. REM sleep was identified by low-amplitude, high-frequency EEG waves and a lack of EMG activity, except for phasic muscle twitches with a rapid increase in Tbr. Wakef ulness was characterized by low-amplitude, high-frequency EEG waves and high, variable amplitude EMG activity with a gradual increase in Tbr. The automated classification was visually confirmed and restored in edited forms.
After recovery from surgery, a continuous intracerebroventricular inf usion of saline was initiated (10 l / hr) before recording. The intracerebroventricular cannula was connected to extended polyethylene tubing (PE-10) attached to an inf usion pump through the slip ring with Teflon connecting tubing (0.5 mm i.d.). Thus, unrestrained movement of the rats was guaranteed during the study. After the rats were acclimatized to the intracerebroventricular inf usion, a standardized 3 d assay was implemented. Day 1 was assigned as the control day with an inf usion of saline only. Day 2 was assigned as the test day when the rats received either GM-C SF (1.0 and 10 pmol), 10 pmol of heat-inactivated GM-C SF, or anti-GM-C SF (10 g) dissolved in 100 l of saline for 10 hr from the onset of the dark period (at 8:00 P.M.). Day 3 was assigned as the recovery day with a continuous inf usion of saline. Polygraphic recordings of EEG, EMG, and Tbr were obtained over the entire 3 d from the beginning of the light period on day 1. If the pattern of sleep -wake cycles was irregular during the baseline recordings on day 1, the animal was discarded.
Microinjection of GM-CSF into the Arc and nitric oxide measurement. During recovery from the surgery, the rats implanted with the guide cannula were moved to individual cages, where locomotor activity was continuously monitored using an infrared detecting device (NS-AS01; Neuroscience, Tokyo, Japan) directly connected to a computer for automated data processing. When locomotion returned to the basic nocturnal pattern, local injection was initiated. Under halothane anesthesia, a microinjection cannula (0.15 mm i.d.) attached to the probe for microdialysis was placed into the guide cannula at least 3 hr before injection. Lead tubing from the probe outlet and the microinjection cannula connected to the autosampler of the HPLC system and a 1.0 l Hamilton syringe, respectively, were extended over the cage so as not to restrain free movement during the experimental period. At a dose of 3 pmol dissolved in 0.5 l of saline, GM-C SF was injected for 1 min into the Arc, and dialysates from the Arc were collected every 10 min for 1 hr before and 6 hr after injection. NOx in the dialysates was separated by liquid column (4.6 ϫ 50 mm, NO-PAK , Eicom) chromatography into NO 2 and NO 3, then measured individually using the Griess method (detection limit, 0.1 pmol) (Yamada et al., 1997) . The same rats were randomly injected with saline before or after receiving GM-C SF to provide control values, and baseline changes in NOx in the dialysates were also measured. To provide a positive control, norepinephrine (N E) was injected to stimulate the release of nitric oxide (NO) from the Arc (Agullo and Garcia, 1991) . Only those rats that responded to N E were studied. All injections were administered at ϳ12:00 P.M. (lights on at 6:00 A.M.).
Microinjection of GM-CSF and anal yses of plasma GH. Rats implanted with guide cannulae that were not used in the above experiment, were anesthetized with pentobarbital sodium after recovery from the first operation. For continuous blood collection, an indwelling catheter was placed into the right atrium of the heart through the right external jugular vein. E xperiments were performed on the following day. Either GM-C SF (3.0 pmol in 0.5 l of saline) or saline (0.5 l) as a control vehicle was injected into the Arc 1 hr after connecting the extension tubing (PE50) to the jugular catheter. The microinjection cannula was placed in the guide cannula as described above. Blood (0.3 ml) was withdrawn through the catheter immediately before (time 0) and every 10 min after the local injection for 2 hr without disturbing the animals. After each blood sampling, an equal volume of heparin solution (50 U/ml saline) was injected to maintain blood volume. Blood samples were immediately separated into plasma and red blood cells by centrif ugation for 15 min at 4500 ϫ g at 4°C. Plasma samples were stored at Ϫ20°C until assay.
Somatostatin release in vitro. Immediately after decapitation, the medial basal hypothalamus (MBH) was dissected from the brain as described previously (Karanth et al., 1993) . The MBH explants ϳ2-mm-long rostrocaudally, 2 mm in depth, extended 0.5 mm bilaterally from the midline and encompassed the median eminence, pituitary stalk, Arc, and periventricular and ventromedial nuclei. Each explant was incubated for 1 hr in 0.5 ml of Krebs'-Ringer's solution of bicarbonate (K RB) glucose (100 mg%) buffer, pH 7.4, containing 0.1% of bovine serum albumin in a Dubnoff metabolic shaker (60 cycles/min) in an atmosphere of 95% O 2 and 5% CO 2 . Thereafter, the medium was discarded, and the tissues were incubated for 0.5 hr either in fresh medium (control) or medium containing 1 ϫ 10 Ϫ 12 Ϫ 1 ϫ 10 Ϫ 8 M GM-C SF. Media were then boiled for 10 min in a water bath to prevent enzymatic degradation and stored at Ϫ20°C. The quantity of SRI F present in the incubation media was determined by RIA as described elsewhere (Arimura et al., 1975; Aguila and McC ann, 1985; Aguila et al., 1991) , with minor modifications. The tracer was [
125 I] T yr 1 SRI F and synthetic SRI F was the reference standard. The highly specific antiserum (RC -IIC) provided by Dr. L. De Palatis (Neoprobe Company, Dublin, OH) was initially diluted 1:50,000. In brief, the antiserum crossreacts 100% with synthetic SRI F (SRI F-14) and 40% with SRI F-28; 50 pg of SRI F displaced 50% of the maximal binding. It does not cross-react with L HRH, vasoactive intestinal peptide, thyrotropin-releasing hormone, ␣ melanocyte-stimulating hormone, cholecystokinin-8, substance P, and ␤-endorphin. The sensitivity of the SRI F assay is 3.1 pg /tube, and the intra-assay and inter-assay coefficients of variation were ϳ5.6 and 12.5%. Data anal yses. Time spent in non-REM sleep and REM sleep was calculated in 1, 2, or 12 hr averages corresponding to the light /dark period for each rat. The Tbr values (collected at 3 min intervals) were averaged for 1 hr. The effects of GM-C SF on sleep, Tbr, NOx, and plasma GH were compared with those of saline on the control day and statistically analyzed using parametric two-way ANOVA, or two-way ANOVA for repeated measures. If the F value reached statistical significance, the StudentNewman-Keuls multiple comparison test was f urther applied for post hoc analysis. The effects of GM-C SF on SRI F release in vitro were compared with of the K RB control by one-way ANOVA and post hoc Dunnett's test. A level of p Ͻ 0.05 was considered significant.
RESULTS

Effects of intracerebroventricularly infused GM-CSF on sleep and Tbr
Circadian variation in sleep-wake patterns and Tbr were altered in a dose-dependent manner by GM-CSF (Table 1) . At a dose of 10 pmol, GM-CSF significantly increased both nocturnal non-REM sleep and REM sleep on day 2 (Table 1, Fig. 1, left) . Increased non-REM sleep was evident for 3 hr at the beginning of the infusion period (63.7% above baseline; p Ͻ 0.05), whereas REM sleep was enhanced for 10 hr during the entire infusion period (158.3% above baseline; p Ͻ 0.05). Even after the GM-CSF infusion was terminated, REM sleep remained significantly elevated for 3 hr in the light (103.8% above baseline; p Ͻ 0.05) and 3 hr in the dark period (145.7% above baseline; p Ͻ 0.05) on day 3 (Fig. 1,  right) . Enhanced non-REM and REM sleep in response to GM-CSF were caused by elevated numbers of each episode rather than prolonged episode duration ( Table 2 ). The Tbr levels slightly increased during the dark period on day 2 (Table 1) . Febrile responses that occurred at the end of the infusion period were not associated with sleep responses (Fig. 1, left) . On day 3, although Tbr was slightly above the baseline, these changes in Tbr were not statistically significant (Fig. 1, right) . Neither the low dose (1.0 pmol) nor heat-inactivated GM-CSF affected sleep or Tbr (Table 1) .
Anti-GM-CSF (10 g) did not significantly affect sleep on the day of infusion (day 2) (Fig. 2, left) . On day 3, however, nocturnal sleep patterns were altered. Non-REM sleep and REM sleep (14.7 and 44.1% less than baseline; p Ͻ 0.05, respectively) were significantly decreased in the middle of the dark period between 11:00 P.M. and 4:00 A.M. (Fig. 2, right) . These changes were attributable to a decreased number of episodes rather than the decreased episode duration (Table 2 ). Significant changes in Tbr were not induced by anti-GM-CSF on either of days 2 or 3.
Effects of locally injected GM-CSF on NO release from the Arc
Immediately after NE (20 mM) was injected locally into the hypothalamus, NO release from the Arc was significantly stimulated (Fig. 3, top) . The levels of increased NOx in the Arc returned to the baseline within 30 -40 min. No changes in behavior or locomotor activity were visible in response to the hypothalamic injection of N E.
GM-CSF at 3.0 pmol also stimulated NO release from the Arc in the hypothalamus (Fig. 3) . Compared with basal release after control saline injection, levels of NOx in the Arc started to elevate 50 min after GM-CSF injection, and significant increases in the release of NOx peaked by 3 hr after injection (40% above preinjection baseline; p Ͻ 0.05). The levels of NOx remained increased during the entire 6 hr sampling period. With respect to behavioral changes, GM-CSF injected into the Arc reduced the numbers of locomotor activity during the dark period, compared with the nocturnal patterns as shown on the day of saline injection (Fig. 4) . Suppression of locomotor activity in response to the hypothalamic injection of GM-CSF returned to normal by the onset of the next light period.
Effects of locally injected GM-CSF on plasma levels of GH
Similarly to the experiments described above, GM-CSF (3.0 pmol) was injected into the Arc of the hypothalamus to determine whether or not locally injected GM-CSF affects plasma levels of GH. After injecting saline into the Arc, pulsatile release of GH was normal. There were four peaks of elevated GH during the 2 hr sampling period. The hypothalamic injection of GM-CSF did not affect plasma levels of GH (Fig. 5) . After the GM-CSF injection, GH was released in a pulsatile manner in a manner similar to that after the control injection. The basal release of GH and the number of peaks did not significantly differ from those after the saline injection, although the magnitude of the pulsatile release tended to be a little lower than the control level.
Effects of GM-CSF on the release of SRIF in vitro
GM-CSF stimulated SRIF release from MBH explants in a doserelated manner (Fig. 6) ; the dose-response curve was bell-shaped. After a 0.5 hr incubation with 1 ϫ 10 Ϫ 11 M GM-CSF, the release of SRIF was doubled compared with that in the control group. However, at any other doses tested, GM-CSF did not alter basal release of SRIF from the MBH.
DISCUSSION
The results demonstrated that GM-CSF induces significant increases in both non-REM and REM sleep in rats. The effects of GM-CSF on REM sleep were more pronounced than those on non-REM sleep in that REM sleep was promoted for a longer period at a higher magnitude. We are the first to report that a cytokine promotes REM sleep. Most somnogenic cytokines are non-REM sleep promoters and either have no effect on or suppress REM sleep. Thus, the REM sleep-promoting activity of GM-CSF is unique and provides a new perspective of the role of cytokines in sleep regulation. Another important finding is that GM-CSF stimulated non-REM sleep without a concurrent pyrogenic response.
Other immune modifiers such as immune adjuvants induce excess amounts of non-REM sleep in association with fever (Krueger et al., 1987) . Although clinical studies have shown febrile responses to either intravenously (Bokemeyer et al., 1993) or subcutaneously (Lopez and Guinan, 1995) administered GM-CSF, the present study found that centrally administered GM-CSF did not cause pyrogenic effects in rats. Like other cytokines, GM-CSF contributes to the regulation of hormonal release at the level of the pituitary gland (Crispino et al., 1992; Komorowski et al., 1996) and hypothalamus (Bianchi et al., 1997; Kimura et al., 1997) . Because hormonal changes often alter sleep patterns (Steiger et al., 1998) , GM-CSF might influence or synchronize the endocrine system with its somnogenic activity. To investigate the central effects on endocrine responses in the present study, we tested GM-CSF by intra-Arc injection rather than by intracerebroventricular infusion, because the latter stimulates sev- eral groups of neurons around the ventricle, including Arc (Tandon and Sharma, 1985; Rivest et al., 1992) , subsequently inducing various CNS responses to the administered substance. The technique is useful when a combination of simultaneous responses from multiple neural circuits is required, but it is not suitable for studying a particular response from a specific neuronal group. We previously documented the neuroendocrinological effects of GM-CSF on LHRH neurons in the Arc in vitro (Kimura et al., 1997; McCann et al., 1998b) . Therefore, here we focused on specific changes in the Arc caused by the direct application of GM-CSF in vivo. Changes in the Arc NOx content were measured to detect neuroendocrine responses (McCann et al., 1998a) . NO is a neurotransmitter gas that stimulates hormonal release (Vallance and Collier, 1994) and most likely participates in the regulation of sleep (Kapás et al., 1994; Burlet et al., 1999) . It is immediately converted into NOx after release, which makes measuring NO itself difficult. Therefore, measuring increases or decreases in NOx indicates the dynamics of NO discharge. In the Arc, an NOergic pathway (Bhat et al., 1995) leads NO to activate guanylyl cyclase, and synthesized cGMP induces the secretion of neuropeptides from the hypothalamus (McCann et al., 1998a) . The present study showed that a local injection of GM-CSF increased the release of NOx from the Arc indicating the activation of NOergic neurons. In the Arc, the NOergic pathway is involved in the regulation of LHRH (Rettori et al., 1993) and GHRH (Tena-Sempere et al., 1996) release. GHRH and GH are considered sleep-related hormones: GHRH increases both non-REM and REM sleep (Obál et al., 1988; Marshall et al., 1996) , and GH predominantly stimulates REM sleep (Drucker-Colin et al., 1975) . In the present study, GM-CSF induced REM sleep and also enhanced non-REM sleep. The NOx measurements suggest that GM-CSF stimulates GHRH/GH release and that GHRH and/or GH mediate the sleep promoting activity of GM-CSF.
The results, however, also indicate that GH secretion is not affected by centrally administered GM-CSF. Therefore, it is unlikely that the somnogenic effects of GM-CSF are mediated by GH. We did not directly measure the release of GHRH in the present study. The fact that GH secretion was not increased suggests that GM-CSF does not stimulate GHRH release. Plasma levels of GH may also have remained unchanged as a result of the simultaneous secretion of releasing and inhibiting hormones, in which the release of both GHRH and SRIF was stimulated in the hypothalamus. Increased levels of NO in the Arc directly stimulate SRIF synthesis in the periventricular nucleus of the hypothalamus (Aguila, 1994) . Our in vitro study demonstrated that GM-CSF induced SRIF release from the MBH. The release of SRIF may be triggered by Figure 4 . Locomotor activity after the local injection of GM-CSF into the hypothalamus. Locomotor activity was simultaneously monitored while NOx was measured (Fig. 3) . excess NO produced in response to the intracerebroventricular-or intra-Arc administration of GM-CSF.
Indeed SRIF probably mediates the effects of GM-CSF on REM sleep. Intravenously or intracerebroventricularly injected SRIF increases REM sleep without affecting non-REM sleep (Danguir, 1986) . Total and REM sleep deprivation increases levels of SRIF mRNA in the rat hypothalamus (Toppila et al., 1996 (Toppila et al., , 1997 . Octreotide, an analog of SRIF that induces the long-term inhibition of GH secretion from the pituitary, suppresses non-REM sleep but still enhances REM sleep in rats when systemically administered (Beranek et al., 1997) . The intravenous administration of SRIF tends to increase REM density in young adult humans (Steiger et al., 1992) . Thus, SRIF may contribute at least in part to the REM sleep-promoting activity of GM-CSF.
Somnogenic cytokines are mostly of inflammatory origin and are responsible for enhanced sleep during infectious diseases. However GM-C SF is not a proinflammatory cytokine produced immediately after the onset of infection or inflammation. Rather, it is induced after the cascade activation of proinflammatory cytokines, including somnogenic IL -1 (Henricson et al., 1991) and TN F-␣ (Duru et al., 1995) . Only GM-C SF promotes REM sleep, whereas other cytokines that stimulate GM-C SF release do not. The lack of REM sleep-promoting effects of IL -1 and TN F-␣ seems to be a masking effect. The effects of IL -1 or TN F-␣ on non-REM sleep and temperature are very powerf ul (Dinarello, 1999) and may mask the effects of subsequently released GM-C SF on REM sleep. The central effects of GM-C SF are milder than most cytokines used in clinical practice, such as IL -1, TN F-␣, and interferon. One of the problems with the therapeutic use of these cytokines is that of neurological side effects similar to "flu-like" symptoms, including fever, nausea, and sleepiness (Eskander et al., 1997) . Because C SFs are less toxic and do not heavily disturb the natural composition of sleep -wake patterns, the benefits of treatment with these factors could be clinically applied.
Our results support the notion that GM-C SF f unctions not only as a hemopoietic growth factor but that it also plays a role in the regulation of endocrine f unction, behavior, and vigilance like the other two C SFs. Whereas centrally administered M-C SF affects REM sleep in rats (K imura et al., 1998b) , systemically injected G-C SF suppresses sleep intensity in humans (Schuld et al., 1999) . Although the effects of exogenous C SFs on sleep have been demonstrated, the significance of endogenous C SFs in sleep regulation needs to be f urther elucidated. During pregnancy, C SFs are crucial to support the growth and implantation of the fertilized egg. In early pregnancy, sleep and sleepiness increase in humans (American Sleep Disorders Association, 1990; Mauri, 1990; Driver and Shapiro, 1992) and rats (K imura et al., 1996b, 1998a) ; therefore, the role of GM-C SF in pregnancy-altered sleep should be an appropriate topic of study. Moreover C SFs in the C NS and PNS promote neurite outgrowth and neuronal differentiation while the fetus undergoes neural development Kessler, 1997, 1998) . During later development, C SFs disappear from the C NS, but their receptors remain on the surface of the glial cells in the adult brain (Sei et al., 1995) . The receptors specific to GM-C SF located on the microglia consist of two subunits sharing a common ␤c chain with IL -3 and IL -5 (Weiss et al., 1993) . The activation of Janus and src-family cytoplasmic tyrosine kinases appears to be a critical event in GM-C SF signaling (Quelle et al., 1994) . As described above, hemopoietic cytokines, like interleukins, can f unction as neuromodulators or as neurotropins in the brain under certain physiological and pathophysiological conditions (Kamegai et al., 1990; Bhat et al., 1995) . Although GM-C SF is usually produced peripherally, it may provide a signal to the C NS by crossing the blood-brain barrier (McLay et al., 1997) or act on neurons located near the circumventricular organs (Helson et al., 1993) . Although how GM-C SF sends neurochemical signals to neurons or a specific nucleus of the brain remains unknown, the results of the present study are consistent with the notion that hematopoietins can be neural mediators.
Few investigators have examined the role of CSFs in the brain. The present study adds the novel findings that GM-CSF promotes non-REM and REM sleep in the rat. 
